Objective. Scarcity of data on the serotype composition and antibiotic resistance of invasive pneumococci from developing countries has been noted. 13 We describe in this study the serogroup distribution and antimicrobial resistance patterns of Streptococcus pneumoniae in the Philippines from 2004-2011.
INTRODUCTION
Streptococcus pneumoniae (S. pneumoniae) remains a significant pathogen causing morbidity and mortality in the Southeast Asian region. A World Health Organization (WHO) 2008 bulletin indicated that the 5 of the top 10 countries with biggest numbers of pneumonia cases, namely India, China, Indonesia, Vietnam and the Philippines, are from the geographic region of the Southeast Asia. 1 Invasive pneumococcal disease (IPD), where S. pneumoniae are isolated from a normally sterile site, most frequently affects children less than 2 years old, adults at least 65 years old and immunocompromised individuals. It is associated with 25% morbidity and 6% mortality rates among children and a case fatality rate of 6-24% in the same population. 2, 3 Mortality rates are much higher in young children in developing countries (10-40%), likely due to poorer access to healthcare and co-morbidities. 4 Currently, there are 93 known pneumococcal serotypes exhibiting a wide range of epidemiological profiles but only 20 of these account for over 80% IPD cases globally. Control measures against IPD through immunization had been directed largely against these most common serotypes causing IPD.
Vaccination has proven to be a successful intervention against infection by S. pneumoniae. The WHO in 2010 reports a reduction in the incidence of pneumococcal pneumonia in children less than 2 years old by about 30% since the introduction 11, 12 It has been noted that there is scarcity of data on the serotype composition and antibiotic resistance of invasive pneuomococcal strains from developing countries. 13 We describe in this study the serogroup distribution and antimicrobial resistance patterns of S. pneumoniae in the Philippines from 2004-2011. Each serogroup varies in prevalence, age group infected, geographical distribution, and antimicrobial resistance patterns. Knowledge of circulating serogroups and their antimicrobial susceptibility profiles is important for the development of effective vaccine strategies and will ensure a sustainable monitoring program on the effect of immunization on disease control.
14,15

MeThODOlOgy
The isolates S. pneumoniae isolates from sterile body fluids were collected through the Philippine Department of Health -Antimicrobial Resistance Surveillance Program (DOH-ARSP) from January 1, 2004 to December 31, 2011. The DOH-ARSP is a sentinel based surveillance which receives isolates from 22 sentinel sites strategically distributed throughout the Philippines.
16-19 S. pneumoniae isolates from ARSP that were stored in skimmed milk and kept frozen at -80°C, and/or lyophilized were revived 
DISCUSSION
Serotype distribution
The Philippines have been identified by the United Nations Children's Fund and World Health Organization to be among the 15 countries that contributes the most to the total childhood pneumonia cases worldwide registering childhood mortality rates of 37.8/100,000 in year 2000. 3 It is recognized that pneumococcal serotypes varies in prevalence, age group infected, geographical distribution, and antimicrobial resistance patterns. There is thus a need for country-specific knowledge of the predominant pneumococcal serotypes and their distribution. The Philippines, however, have paucity of data to provide knowledge on S. pneumoniae prevalence and distribution which may be used to evaluate the effect of disease prevention measures. [23] [24] The present study provides an estimate of the serotype distribution and antimicrobial resistance of S. pneumoniae causing invasive pneumococcal disease in the Philippines over an 8 year period (2004 to 2011).
The dominant serotypes associated with IPD worldwide include 14, 4, 1, 6A, 6B, 3, 8, 7F, 23F, 18C, 19F and 9V. The serotype profile seen in the present study is largely similar to the dominant IPD serotypes worldwide with the most common serotypes in this study being 1, 5, 6, 4, 23, 3, 2 and 12 (Table 1) . Of the 27 serotypes identified, we report here the identification of 10 serotypes -3, 16, 17, 24, 25, 29, 31, 34, 38 and 39 -which have not been reported in previous local studies. 23, 25 It was noted that two nonPCV serotypes -serotypes 1 and 5 -were seen to be present yearly throughout the 8 year study period in contrast with the other serotypes which occurred sporadically over the 8-year study period. Serotype 1 were isolated yearly from age group 19-64 years and were seen to occur sporadically in the rest of the age groups. Serotype 5 were consistently seen from age groups 6-18 years and 19-64 years throughout the 8 year period in the study. This observation provides support for the current local adult immunization recommendations of giving both PCV13 and polysaccharide vaccine to adults. 26 Phongsamart et al. reports that in Thailand, the pneumococcal serotypes associated with invasive pneuomococcal pneumonia (IPD) among children under 5 years of age were 6B, 6a, 9V, 14, 19A, 19F, and 23F.
14 In a study done by Capeding et al. at a tertiary care center in the Philippines from 2000 to 2005, serogroup 6 was also isolated from children with IPD admitted in a tertiary hospital, and together with serotypes 18 and 14, were responsible for 50% of the admitted IPD cases in children. 23 In our study, serotype 6 was likewise the most common serotype isolated from patients under the age of 5 (18%). Serotype 1 which was not observed from 2000-2005 in a local study was also fairly more common (13%) in the present study.
The use of PCV7 has been reported to be successful in combating IPD cases. It is recognized that even the nonvaccinated individuals may benefit from the vaccine due to the decreased circulation of the pathogen as a result of the reduction in nasopharyngeal carriage of pneumococci among those who received the vaccine. 27 There are reports, however, of increasing prevalence rate of nonPCV7 associated serotype infections following introduction of PCV7.
9,27-29 According to Feiken et. al., factors that contribute to the rising cases of nonPCV7-associated serotypes include 1) secular trends in serotype prevalence occur over time, 2) changes in antibiotic use 3) characteristics Over the 8 year study period, among 195 isolates, 96% (188) were serotyped while 4% (7) could not be typed. There were 27 serotypes identified with the most frequently occurring being serotypes 1 (26.15%), 5 (17.44%), 6 (7.69%), 4 (6.15%), 23 (4.10%), 3 (3.59%), 2 (3.59%) and 12 (3.59%) ( Table 1) . These 8 serotypes composed 72.3% of the total isolates.
Among patients under the age of 5, the most common serotype were 1(13%) & 6(18%) while among patients 6-17 years and 18-64 years, serotype 1(23%, 43%) and 5(35%, 23%) were most prevalent. Among the elderly (age more than 65 years), the most frequently occurring were serotype 1(14%), 3(17%), 4(14%) and 12(14%).
Coverage of currently available pneumococcal vaccines of the serogroups identified in this study were as follows: PCV7 -25.6%, PCV10 -70.3% and PCV13 -73.8%.
Antibiotic resistance of the pneumococcal isolates were low ( Figure 1 ). The overall penicillin resistance were at 0% and 2.5% using the non-meningitis and meningitis CLSI breakpoints, respectively. Erythromycin resistance was 0.51%, cotrimoxazole and levofloxacin resistance were at 8.20% and 1.03%, respectively. All of the isolates were observed to be susceptible to ceftriaxone. Two percent of the isolated S. pneumoniae was observed to be multi-drug resistant (3/195).
The penicillin-resistant meningitis isolates were of serotypes 1, 5 and 14 (Table 2) . These serotypes are all covered by PCV10 and 13 but not by PCV7 which does not cover for serotypes 1 and 5. The erythromycin resistant isolates were serotype 9 while cotrimoxazole resistant isolates were serotypes 1, 5, 6, 12 and 14. Forty-one percent of the cotrimoxazole resistant isolates are covered by PCV7, 88% are covered by PCV10 and PCV13 and 6% were non-vaccine serotype. Levofloxacin resistant isolates were of serotypes 5 and 23. PCV7 coverage of levofloxacin resistant isolates were 50% and PCV10 and PCV13 coverages were both 100%. From the same set of isolates, it was observed that the difference in penicillin resistant rates is mainly due to differences in the prevalence of pneumococci belonging to the aforementioned serotypes.
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Contrary to data from other Asian countries, there were relatively few serogroups 19 and 23 seen in the present study and none of them were observed to be resistant to penicillin. Penicillin resistance was mostly seen among serotypes 1, 5 and 14. Half (3 out of 6) of the serotype 14 isolates exhibited penicillin resistance with 2 of the isolates coming from children less than 1 year. Penicillin resistance among serotype 1 was at 2% (1 out of 51) and was at 6% (2 out of 34) among serotype 5. It was noted that 67% (4 out of 6) of penicillin resistant serotypes (1 serotype 1, 1 serotype 14, and 2 serotype 5) came from age groups 6-18 years and 19-64 years. Prevention of infection from pneumococcal isolates serotypes 1, 5 and 14 that is conferred by both PCV10 and 13 will appear therefore to help ensure continued low resistance to penicillin among pneumococcal isolates in the country.
Eight percent of the total isolates in this study were found to be resistant to cotrimoxazole. Cotrimoxazole resistance was seen to decrease through the eight year study period from 43% in 2004 to 6% in 2011. This reduction may reflect the shift from the use of cotrimoxazole as first line antibiotics to beta-lactam antibiotics during the study period. Cotrimoxazole resistant isolates were of serotypes 1, 5, 6, 12 and 14 with serotype 5 making up 44% of all isolates that were cotrimoxazole resistant and serogroup 6 accounting for 38%. It was noted that there was only 1 isolate of serotype 14, the serotype associated with cotrimoxazole resistance in Asia, 6 which was found to be cotrimoxazole resistant in the present study.
It was observed that 21% (7 out of 34) of all serotype 5 isolates in the study were resistant to cotrimoxazole while 40% (6 out of 15) of serotype 6 were cotrimoxazole resistant. Through the eight year study period, the percentage of serotype 5 that were cotrimoxazole resistant decreased from 100% (3 out of 3) in 2004 to 0% (0 out of 5) in 2011. In contrast, the percentage of cotrimoxazole resistance among serotype 6 increased from zero in 2005 to 50% (2 out of 4) in 2011. Cotrimoxazole resistance in the later 3 years of the study was mainly due to serotype 6. It was also noted that 56% (9 out of 16) of cotrimoxazole resistant serotypes were seen among patients less than 5 years old and the rest were seen in the 6-17 years and 8-64 age groups. No cotrimoxazole resistant serotypes were seen among the >65 age groups. These observations would favor the introduction of PCV to help reduce not only the incidence of IPD among the susceptible age group but to also reduce cotrimoxazole resistance among pneumococcal isolates in the country.
Though it is not clear why particular pneumococcal serogroups have a higher probability of containing specific resistance genes, it is acknowledged that there are evidences of strong associations between resistance patterns and serotype. 34 However, an exchange of the gene encoding capsular serotype can happen between pneumococcal strains through transformation. It is thus possible that highly resistant clones may become members of highly invasive serotypes which are currently not associated with drug resistance. Information from continued surveillance of of surveillance systems and 4) changes in susceptibility of the population to pneumococcal diseases. 30 In the present study, it was observed that the prevalence of serotypes covered by PCV7 remained stable from 27% in 2005 to 27% in 2011. Consequently, the observed prevalence of nonPCV7 serotypes likewise remained stable at 73% in 2011 which is the same nonPCV7 rate in 2004. The absence of a decrease in the prevalence of PCV7 serotypes even after the introduction of PCV7 in the country in 2006 may reflect poor coverage of PCV7 among susceptible population. Administration of PCV7 was introduced in the country in 2006 through private institutions. It was not, however, included in the mandatory free national immunization program of the government during the period of the study. Though PCV7 was available in the private institutions in the Philippines by year 2006, the vaccine is largely considered to be expensive in a generally poor and developing third-world country. Beginning the year 2013, PCV has since been included in the free national immunization program of the country. As we anticipate better PCV immunization coverage among the susceptible age groups, continued surveillance of prevailing pneumococcal serotypes may be done henceforth to monitor any shift in the prevalence of PCV associated serotypes to guide disease control measures.
Antimicrobial Resistance
The levels of antimicrobial resistance of S. pneumoniae isolates in many Asian countries are among the highest in the world during the early part of this century. Isolates from Vietnam showed the highest prevalence of penicillin resistance at 71.4%; and erythromycin resistance at 92.1%. Isolates from Hong Kong showed the highest rate of ciprofloxacin resistance at 11.8%. Resistance to penicillin ranged from 38.6% among isolates from Taiwan to 71.4% among isolates from Vietnam. Erythromycin resistance was from 73.9% (China) to 92.1 % (Vietnam) while resistance to ciprofloxacin was from 6.5% (Korea) to 11.8% (Hong Kong). Data from the Philippines showed that 18.2% of the isolates were resistant to erythromycin while 9.1% were ciprofloxacin resistant. 32 Statistics from the Philippines' Antimicrobial Resistance Surveillance Program (ARSP) progress reports also showed resistance rates of pneumococci to cotrimoxazole to be higher (from 14% in 2006 to 15% in 2011) relative to other antibiotics. ARSP annual progress reports showed that resistance rates to penicillin, and erythromycin among all pneumococcal isolates have remained low at <4%, and 2% respectively from 2007 to 2011. [17] [18] [19] [31] [32] The current study shows that antimicrobial resistance among IPD isolates remained low in the country over the study period (Figure 1 ). Resistance to cotrimoxazole was seen to decrease from 43% in 2004 to 6% in 2011 while resistance to penicillin, erythromycin and levofloxacin remained less than 5% in the later years of the study (2009) (2010) (2011) .
Serotype and Antimicrobial Resistance
Certain pneumococcal serotypes have been identified to be associated with specific drug resistance among pneumococcal isolates. Data would show that most penicillin-resistant and macrolide-resistant isolates are derived from five serotypes (6B, 9V, 14, 19F, 23F), all of which are covered by PCV7. 4 In a study among 555 pneumococcal isolates from 10 Asian countries, it was observed that penicillin resistance was most common among serotypes 19F and 23F while erythromycin resistance was more commonly seen among serotypes 19F, 23F, 14, 6B and 6A. To be noted in this study is the high infection rate observed in males which can be due to more exposure to socio-economically related risk factors, such as alcohol, smoking and labor in a polluted environment. 35 This can also be factor in the high isolation rate of S. pneumoniae from the 18-59 year age group as this is generally considered as the working age group in the Philippines thus exposing the males more to the risk factors. Also, during the study period, the vaccination against S. pneumoniae was recommended primarily among target children or those included in 0-5 year old age group.
CONClUSION
The present study showed that Streptococcus pneumoniae serogroup/serotype profile causing IPD in the country is largely similar to the dominant IPD serogroup/serotypes worldwide. The most common serogroups/serotypes causing IPD in this study includes 1, 5, 6, 4, 23, 3, 2 and 12. The serotype distribution of S. pneumoniae in the Philippines remained stable from 2004 to 2011 and the antimicrobial resistance among the isolates remained low. The serogroups/serotypes of antibiotic resistant Streptococcus pneumoniae in this study were not similar with known serotype resistance profiles in other Asian countries. With the inclusion of PCV in the national free national immunization program of the country beginning 2013, better PCV immunization coverage among the susceptible age groups is expected. Continued surveillance of prevailing pneumococcal serotypes should be done henceforth to monitor any shift in the prevalence of PCV associated serotypes to guide disease control measures including control of emergence of resistant pneumococcal isolates.
